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Figure 1. Growth stages of freesia plants in the research greenhouse. A and B) Pots filled with
substrates were placed in plastic boxes on the benches; C) After corm sprouting, fertigation treatments
were applied; D) Fully and half-open florets; E and F) Wire supports were used for each single plant.
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Figure 2. The Interaction effect of substrate and phosphorus source/concentration on the transpiration
rate of freesia leaves. Bars represent Mean + SE, n = 6. Bars with the same letters are not significantly
different (p <0.05) according to Duncan’s Multiple Range Test. S, PM, and P stand for sand, peat moss,
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Figure 3. The Interaction effect of substrate and phosphorus source/concentration on the stomatal
conductance of freesia leaves. Bars represent Mean + SE, n = 6. Bars with the same letters are not
significantly different (p <0.05) according to Duncan’s Multiple Range Test. S, PM, and P stand for sand,

peat moss, and perlite, respectively.
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Figure 4. The leaf photosynthesis indices of freesia plants grown in five different substrates and
fertigated with different phosphorus sources/concentrations. (A) Net photosynthetic rate (Pn); (B)
instantaneous water use efficiency (WUEIns); (C) Maximal quantum yield of PSII efficiency (Fv/Fm); (D)
Performance Index (PI). Bars represent Mean £ SE, n = 6. Bars with the same letters are not significantly
different (p <0.05) according to Duncan’s Multiple Range Test. S, PM, and P stand for sand, peat moss,
and perlite, respectively.
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Figure 5. The Interaction effect of substrate and phosphorus source/concentration on the number of days
to flowering of freesia plants. Bars represent Mean + SE, n = 4. Bars with the same letters are not
significantly different (p <0.05) according to Duncan’s Multiple Range Test. S, PM, and P stand for sand,
peat moss, and perlite, respectively.
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Figure 6. The effect of A) substrate and B) phosphorus source/concentration on the percentage of
flowering of freesia plants. Bars represent Mean + SE, n = 4. Bars with the same letters are not
significantly different (p <0.05) according to Duncan’s Multiple Range Test. S, PM, and P stand for sand,
peat moss, and perlite, respectively.
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Figure 7. The effect of substrate on the A) daughter corm weight, fold increase in corm weight, and
number of cormlets of freesia plants. Bars represent Mean + SE, n = 6. Bars with the same letters are not
significantly different (p <0.05) according to Duncan’s Multiple Range Test. S, PM, and P stand for sand,

peat moss, and perlite, respectively.

m)".lisjﬂaﬁjQ.A.LK.L".:)‘JMQM&/CM}Q&SMJJ}‘JJ‘QLMWL;’\{))‘JWc$L@6ﬁ§Md\yﬁm
;wﬁ'Cj'QMWL:“}}»:;SL«.;J:J.glel..:éS:)Ls:ﬁjdu:}l&il.x;a-]a.sjisjljép.s4.;)):('\~’/.)¢,.3‘Yﬁ+
O a3l 5 s oo 53 Dliad o g gol g0 5,18 Ll o o8 (5355 o5 o 2 il 28l (sosle slaelly

Yv#

=) ot g S5


http://flowerjournal.ir/article-1-324-fa.html

[ Downloaded from flowerjournal.ir on 2025-12-15 ]

YYTEs (D4 (1 E0F) s olalS 5 S

@l;.o

Abdul-Jabbar, N.I., Khandan-Mirkohi, A., Salami, S.A., Saremi, H., Shahbazi, S. (2025). Enhancing freesia (Freesia
armstrongii) growth and yield through Trichoderma-mediated biocontrol of Fusarium wilt. International Journal
of Horticultural Science and Technology, 12(1), 43-58.

Abobatta, W., Abd Alla, M. (2023). Role of phosphates fertilizers in sustain horticulture production: Growth and
productivity of vegetable crops. Asian Journal of Agricultural Research, 2(17), 1.

Ahmad, |, Tanveer, M.U., Liagat, M., Dole, J.M. (2019). Comparison of corm soaks with preharvest foliar application
of moringa leaf extract for improving growth and yield of cut Freesia hybrida. Scientia Horticulturae, 254, 21-25.

Ali, T., Khattak, A.M., Amin, N.U., Khan, M.A. (2011). Response of freesia cultivars to different growing media
under Peshawar conditions. Sarhad Journal of Agriculture, 27(1), 43-49.

Almeida, G.M., Silva, A.A.D., Batista, P.F., Moura, L.M.D.F., Vital, R.G., Costa, A.C. (2020). Hydrogen sulfide,
potassium phosphite and zinc sulfate as alleviators of drought stress in sunflower plants. Ciéncia e Agrotecnologia,
44, e006320.

Atowa, D.I. (2012). Effect of growing media, organic and bio-fertilizers on growth and flowering of Freesia refracta
cv. Red Lion. MS Thesis, Cairo University, Egypt.

Azimi, M.H. 2023. Intervarietal hybridization and observation of high-quality offspring of cut freesia flowers.
International Journal of Horticultural Science and Technology, 10(1), 11-22.

Baas, R., Brandts, A., Straver, N. (1995). Growth regulation of bedding plants and poinsettia using low phosphorus
fertilization and ebb-and flow irrigation. Acta Horticulturae, 378(378), 129-137.

Bakly, S.A. (1974). Effect of fertilization treatments and dates on production of freesia corms. Agricultural Research
Review, 52, 101-108.

Bazaraa, W.M. (2018). Improving the growth, flowering and corm production of Freesia refracta cv. Red Lion by
using some growing media and fertilization treatments. Middle East Journal of Agriculture Research, 7(4), 1381-
1394,

Blok, C., Kromwijk, J.A.M. (2014). Freesia op substraat: praktijkproeven 2013 en 2014. (Rapport / Wageningen UR
Glastuinbouw; No. 1309), 22p. Bleiswijk: Wageningen UR Glastuinbouw (in Dutch).

Chtouki, M., Laaziz, F., Naciri, R., Garré, S., Nguyen, F., Oukarroum, A. (2022). Interactive effect of soil moisture
content and phosphorus fertilizer form on chickpea growth, photosynthesis, and nutrient uptake. Scientific Reports,
12(1), 6671.

Dole, J.M., Wilkins, H.F. (2005). Floriculture: Principles and Species, 2nd ed.; Prentice Hall Inc.: Upper Saddle River,
NJ, USA.

Drew, M.C.,, Stolzy, L.W. (1991) Growth under oxygen stress. In: Waisel Y., Eshel A., Kafkafi U. (Eds.) Plant Roots:
The Hidden Half, M. Dekker, New York, 331-350.

El-Hanafy, S.H., Helmy, S.S., Dahab, A.A., Metwally, N.E., Hamed, W.R. (2018). Evaluating different soilless
culture substrates for growth, flowering and quality of gladiolus (Gladiolus grandiflorus). Middle East Journal of
Agriculture Research, 7(3), 944-957.

Fischer, R. A., Rees, D., Sayre, K. D., Lu, Z. M., Condon, A. G., Saavedra, A. L. (1998). Wheat yield progress
associated with higher stomatal conductance and photosynthetic rate, and cooler canopies. Crop Science, 38(6),
1467-1475.

FloraHolland, R. (2018). Royal FloraHolland Annual Report 2017.

Yyv

=it Bl g S5


https://ijhst.ut.ac.ir/article_87541_7e610ebfb6421db402f48c6a57b1ae24.pdf
http://flowerjournal.ir/article-1-324-fa.html

[ Downloaded from flowerjournal.ir on 2025-12-15 ]

YYTEs (D4 (1 E0F) s olalS 5 S

Gruda, N.S. (2019). Increasing sustainability of growing media constituents and stand-alone substrates in soilless
culture systems. Agronomy, 9, 298.

Hoagland, D.R., Arnon, D.I. (1950). The Water-Culture Method of Growing Plants without Soil, Circular 347,
Agricultural Experiment Station, University of California, Berkeley, CA.

Hourani, W. (2023). Effect of fertilizers on growth and productivity of saffron: a review. Agronomy Research, 21(1),
87-105.

Igbal, A., Huiping, G., Qiang, D., Xiangru, W., Hengheng, Z., Xiling, Z., Meizhen, S. (2023). Differential responses
of contrasting low phosphorus tolerant cotton genotypes under low phosphorus and drought stress. BMC Plant
Biology, 23(1), 168.

Isidra-Arellano, M.C., Delaux, P.M., Valdés-Lépez, O. (2021). The phosphate starvation response system: its role in
the regulation of plant-microbe interactions. Plant and Cell Physiology, 62(3), 392-400.

Jabbar, A., Tehranifar, A., Shoor, M., Nemati, S.H. (2018). Effect of different media on some growth, flowering and
biochemical parameters of two cultivars of gladiolus (Gladiolus grandiflorus L.) under soilless conditions. Journal
of Ornamental Plants, 8(3), 205-215.

Khalaf, Y.F., Saeed, A.K.A.M. (2020). Response of freesia (Freesia hybrida) to growth medium and foliar spray with
marine algae extract (alga plant). Plant Archives, 20(2), 65-70.

Khalaj, M.A., Azimi, M.H., Yousefbeigi, A. (2023). Effect of different growing media on morpho-physiological,
biochemical and nutrient uptake characteristics of amaryllis (Hippeastrum spp.) under vegetative growth period.
Plant Production, 45(4), 519-531.

Khan, S., Jan, I., Ullah, H., Igbal, J., Igbal, S., Shah, S.H.A., Khan, A.A. (2016). Influence of phosphorus and bulb
size on flower and bulblet production of tuberose. American-Eurasian Journal of Agricultural and Environmental
Sciences, 16(1), 191-197.

Khandaker, M.M., Rahmat, S., Alias, N., Mohd, K.S., Nashriyah, M.A.T. (2019). The effects of different growing
media on growth, flowering and quality of Petunia grandiflora. Journal of Agricultural Sciences, 25(3), 373-383.

Koocheki, A., Seyyedi, S.M., Eyni, M.J. (2014). Irrigation levels and dense planting affect flower yield and
phosphorus concentration of saffron corms under semi-arid region of Mashhad, Northeast Iran. Scientia
Horticulturae, 180, 147-155.

Kromwijk, J.LA.M., Os, E.A. (2020). Advances in soilless culture of ornamentals. In: Gruda N.S. (Ed.). Advances in
horticultural soilless culture. Cambridge: Burleigh Dodds Science Publishing Limited, 442p.

Lee, J.J. (2017). Effect of substrates on the growth and flowering of Freesia hybrid 'Gold Rich' in nutrient culture.
Horticultural Science & Technology, 35(1), 30-37.

Lee, K.H., Hahm, S.S., Oh, S.H., Lee, E.M. (2008). Optimum nitrogen, phosphorus and potassium concentrations in
nutrient solutions for oriental hybrid lily bulb production for forcing. Acta Horticulturae, 129-134.

Legnani, G., Watkins, C.B., Miller, W.B. (2004). Light, moisture, and atmosphere interact to affect the quality of dry-
sale lily bulbs. Postharvest Biology and Technology, 34(1), 93-103.

Li, L., Pan, S., Melzer, R., Fricke, W. (2020). Apoplastic barriers, aquaporin gene expression and root and cell
hydraulic conductivity in phosphate-limited sheepgrass plants. Physiologia Plantarum, 168(1), 118-132.

Lopez, G., Ahmadi, S.H., Amelung, W., Athmann, M., Ewert, F., Gaiser, T., Gocke, M.l., Kautz, T., Postma, J.
Rachmilevitch, S., Schaaf, G., Schnepf, A., Stoschus, A., Watt, M., Yu, P., Sabine, S.J. (2023). Nutrient deficiency
effects on root architecture and root-to-shoot ratio in arable crops. Frontiers in Plant Science, 13, 1067498.

Ma, Q., Wang, X., Yuan, W., Tang, H., Luan, M. (2021). The optimal concentration of KH,PO4 enhances nutrient
uptake and flower production in rose plants via enhanced root growth. Agriculture, 11(12), 1210.

Maggio, A., Raimondi, G., Martino, A., De Pascale, S. (2006). Soilless cultivation of saffron in Mediterranean
environment. Acta Horticulturae, 718, 515-522.

YYA

=it Bl g S5


http://flowerjournal.ir/article-1-324-fa.html

[ Downloaded from flowerjournal.ir on 2025-12-15 ]

YYTEs (D4 (1 E0F) s olalS 5 S

Majdi Nasab, H., Siadat, S.A., Naderi, A., Lack, S., Modhej, A. (2014). The effects of drought stress and nitrogen
levels on yield, stomatal conductance and temperature stability of rapeseed (canola) genotypes. Advances in
Environmental Biology, 1239-1248.

Mosa, H.F., Abdulrahman, Y.A. (2022). Response of freesia (Freesia refracta L.) plant to different growth media,
calcium chloride and gibberellic acid. Journal of Duhok University, 25(2), 144-154.

Nagarajah, S., Ratnasuriya, G.B. (1978). The effect of phosphorus and potassium deficiencies on transpiration in tea
(Camellia sinensis). Physiologia Plantarum, 42(1), 103-108.

Nazari, F., Farahmand, H., Khosh-Khui, M., Salehi, H. (2011). Effects of coir as a component of potting media on
growth, flowering and physiological characteristics of hyacinth (Hyacinthus orientalis L. cv. Sonbol-e-Irani).
International Journal of Agriculture and Food Science, 1(2), 34-38.

Pollock, R.D. 1975. Flower crops in peat substrates. Acta Horticulturae, 151,107-113.

Raviv, M., Lieth, J.H., Burger, D.W., Wallach, R. (2001). Optimization of transpiration and potential growth rates of
‘Kardinal’ rose with respect to root-zone physical properties. Journal of American Society for Horticultural
Science, 126(5), 638-643.

Resh, H.M. (2013). Hydroponic Food Production: A Definitive Guidebook for the Advanced Home Gardener and the
Commercial Hydroponic Grower. CRC press.

Ritchie, S.W., Nguyen, H.T., Holaday, A.S. (1990). Leaf water content and gas-exchange parameters of two wheat
genotypes differing in drought resistance. Crop Science, 30(1), 105-111.

Roorda van Eysinga, J.P.N.L., Nederpel, W.A.C. (1984). Nutrient disorders of freesias. Symptoms of deficiency and
excess through playing about with elements. Vakblad voor de Bloemisterij, 39(22), 46-49

Samartzidis, C., Awada, T., Maloupa, E., Radoglou, K., Constantinidou, H.I. (2005). Rose productivity and
physiological responses to different substrates for soil-less culture. Scientia Horticulturae, 106(2), 203-212.

Scagel, C.F., Schreiner, R.P. (2006). Phosphorus supply alters tuber composition, flower production, and mycorrhizal
responsiveness of container-grown hybrid Zantedeschia. Plant and Soil, 283, 323-337.

Shimshi, D. (1970). The effect of nitrogen supply on transpiration and stomatal behaviour of beans (Phaseolus
vulgaris L.). New Phytologist, 69(2), 405-412.

Tariq, A., Pan, K., Olatunji, O.A., Graciano, C., Li, Z., Li, N., Song, D., Sun, F., Wu, X., Dakhil, M.A, Sun, X., Zhang,
L. (2019). Impact of phosphorus application on drought resistant responses of Eucalyptus grandis seedlings.
Physiologia Plantarum, 166(4), 894-908.

Thomas, M., Matheson, S., Spurway, M. (1998). Nutrition of container-grown freesias. Journal of Plant Nutrition,
21(12), 2485-2496.

Torralbo, F., Gonzalez-Moro, M.B., Baroja-Fernandez, E., Aranjuelo, I., Gonzalez-Murua, C. (2019). Differential
regulation of stomatal conductance as a strategy to cope with ammonium fertilizer under ambient versus elevated
CO:.. Frontiers in Plant Science, 10, 597.

Van Os, E.A., Beerling, E.A.M,, Blok, C., Janse, J., Leyh, R., van Ruijven, J.P.M., van der Staaij, M., Kaarsemaker,
R. (2019). Zero discharge of nutrients and pesticides to the environment in hydroponic production. Acta
Horticulturae, 1266, 443-450.

Vianii, G., Caldiz, D.O. (2021). Phosphorus use efficiency, tuber yield and quality in potato processing varieties grown
under different P levels in the Argentinian Pampas. Revista Latinoamericana de la Papa, 25(2), 39-54.

Wilson, S.B., Stoffella, P.J. Graetz, D.A. (2003). Compost amended media and irrigation system influence
containerized perennial Salvia. Journal of the American Society for Horticultural Science, 128(2), 260-268.

Yan, Z., Wu, Y., Sun, Y., Tang, D. (2018). Study on compound substrate cultivation of Freesia hybrida. Journal of
Agricultural Science and Technology (Beijing), 20(8), 149-154.

yva

=it Bl g S5


http://flowerjournal.ir/article-1-324-fa.html

[ Downloaded from flowerjournal.ir on 2025-12-15 ]

YYTEs (D4 (1 E0F) s olalS 5 S

Zhang, Y., Li, T.T., Wang, L.F., Guo, J.X., Lu, K.K., Song, R.F., Zuo, J.X., Chen, H.H., Liu, W.C. (2022). Abscisic
acid facilitates phosphate acquisition through the transcription factor ABA INSENSITIVES in Arabidopsis. The
Plant Journal, 111(1), 269-281.

Zhu, K., Wang, A., Wu, J., Yuan, F., Guan, D., Jin, C., Zhang, Y., Gong, C. (2020). Effects of nitrogen additions on
mesophyll and stomatal conductance in Manchurian ash and Mongolian oak. Scientific Reports, 10(1), 10038.

Yt

=it Bl g S5


http://flowerjournal.ir/article-1-324-fa.html

[ Downloaded from flowerjournal.ir on 2025-12-15 ]

Flower and Ornamental Plants (2024), 9(2): 221-240
Research article

Flower and Ornamental Plants

The effects of substrate composition and phosphorus source on the
photosynthetic indexes, flowering time, and corm production of Freesia
refracta Klatt

Samira Haghnegahdar?, Ali Pourkhaloee!", Hamid Reza Karimi!, Mohammad Hossein Azimi?

1. Department of Horticultural Science, College of Agriculture, Vali-e-Asr University of Rafsanjan, Rafsanjan
2. Ornamental Plants Research Center (OPRC), Horticultural Sciences Research Institute (HSRI), Agricultural Research,
Education and Extension Organization (AREEO), Mahallat
B4 alipourkhaloee@vru.ac.ir
Received: 2024/10/13, Revised: 2024/11/03, Accepted: 2024/11/09

Abstract

In the present study, corms of a local diploid genotype of freesia (OPRC434) were planted in sand
(100%), sand (50%) + peat moss (50%), peat moss (80%) + perlite (20%), peat moss (60%) + perlite
(40%), and peat moss (40%) + perlite (60%). After corm sprouting, plants received monopotassium
phosphate (150 or 300 mg/L) or monoammonium phosphate (132 or 264 mg/L). Plants in peat moss
(40%) + perlite (60%) that received 132 mg/L of monoammonium phosphate, showed the highest
average of stomatal conductance (0.071 pmol H,O m2 st) with an increase of approximately twofold.
The photosynthesis rate did not show a significant difference among different ratios of peat moss +
perlite. In peat moss (40%) + perlite (60%) and by the application of 150 mg/L of monopotassium
phosphate, the minimum number of days from planting to flowering was obtained (87.75 d). All the
plants grown in peat moss (60%) + perlite (40%) managed to produce flowers, which was almost twice
the flowering percentage of the plants grown in sand (100%). The maximum average weight of daughter
corms (7.45 g) was obtained in peat moss (60%) + perlite (40%), which was approximately 2.5 times
the average weight of daughter corm produced in sand (100%). The heaviest cormlets (2.92 g) were
obtained in the peat moss (40%) + perlite (60%), which were almost 2 times heavier than the cormlets
produced in the 100% sand (1.42 g). Considering flowering and yield, peat moss (60%) + perlite (40%)
and 150 mg/L monopotassium phosphate were the best and most economical substrates and
source/concentration of phosphorus. However, considering the cut flower price of diploid freesia in Iran,
its soilless cultivation at the commercial level needs economic assessments. However, the results of the
present study will be useful for growing this freesia genotype in scientific research or home gardening.
Keywords: Mono-ammonium phosphate, Mono-potassium phosphate, Photosynthesis, Stomatal
conductance, Transpiration.
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